I. INTRODUCTION
Typhoon Morakot hit Taiwan in 2009. The typhoon brought over 2,500 mm of torrential rainfall in mountainous southern Taiwan. The rainfall was equivalent to a year of rain in Taiwan and caused serious debris flow hazards in southern Taiwan. Most of the serious debris flow hazards occurred in the Laonun river watershed. An efficient prediction model for debris flow warning is necessary to prevent hazards during climate change-induced torrential rainfall.
The initiation of debris flow is accompanied by abundant losses of slope material in high discharge of steep slope. Topographic indexes are shown to be important in initiating the debris flow. Researchers have proposed numerous represented field conditions of rainfall, geologic, and topographic factors that attributed to the initiation of debris flow [1] - [3] .
Investigation of potential debris flow creeks has been studied by numerous researchers that collected related topographic and hydrologic factors to initiate debris flow using statistical analysis. Lee [4] studied rainfall threshold for debris flow warning using non-parametric statistics of the Mann-Whitney-Wilcoxon test (MWW test). He extracted four significant factors to initiate debris flow, including mean streambed slope, effective watershed area, landslide ratio, and lithologic characteristic, for the topographic factors analysis and debris flow potential analysis. Wu [5] studied 34 debris flow potential creeks by Multivariate Statistical Analysis to extract main topographic factors using Principal Component Analysis for watershed area, mean slope, form factor, river density, landslide area, geologic index, effective cumulative rainfall, and effective rainfall intensity. The eight factors were further analyzed by Fisher's Discriminant Analysis for debris flow potential analysis.
Rainfall is the main factor attributed to debris flows in Taiwan. Numerous debris flows are initiated during the peak rainfall intensity of a rainfall event in Taiwan [6] , [7] . Separating antecedent rainfall and a rainfall event is required before estimating the critical rainfall factors that initiate debris flow. The relationships between rainfall intensity and duration, intensity and cumulative rainfall, and intensity and antecedent cumulative rainfall are commonly used climate factors to construct a predictive relationship for debris flow warning [6] , [8] , [9] .
II. STUDY AREA AND METHODOLOGY

A. Study Area
The study area, the Laonun River Basin, is located in Kaoshiun City in southern Taiwan. The Laonun River is a branch of the Gaoping River, the second largest river in Taiwan. Its length is 130 km with a watershed area of 1,370 km2 and average gradient of 1/43. Upstream from the watershed is primarily forest with the South Cross-Island Highway cross the valley. Large areas in the middle and downstream areas have been developed for agricultural activities and for hot spring sightseeing. The greater the development of the areas the more vulnerable they are to natural disasters. Its location is shown in Fig. 1 .
The Laonun River Basin is located in the south-west area of the Central Mountain Range. Its topography is higher on the north side and lower on the south side, steeper on the east side and flatter on the west side. The main topographic features are piedmont, meander stream channel, valley, terrace, and alluvial fan. Fig. 2 shows sub-basin division and stream network in the basin. 
B. Methodology
The study basin is divided into 54 sub-basins to analyze factors that initiate debris flow. Factors that initiate debris flow include climatic, topographic, and geologic conditions. The climatic factors are sourced from rainfall data and topographic factors are calculated from the digital terrain model (DTM) in 40 × 40 m. The regional characteristics that initiate debris flow are analyzed using statistical analysis to extract factors that trigger debris flows and their potential analysis for the studied Laonun River Basin. The purpose of this study is to establish a precise model to locate potential debris flow creeks for hazard prevention and mitigation. The analysis methodology can be divided into four parts: 1) Digital database collection: Digital database include satellite images, DTM, rainfall records, and geology maps are collected for the analysis. 
III. SPATIAL DATABASE SETTING AND STATISTICAL SCREENING ANALYSIS
Topographic factors of every sub-basin are estimated using spatial analysis in GIS. There are 19 topographic factors in the database including: (1) effective basin area, (2) basin perimeter, (3) basin length, (4) length of main stream, (5) total stream length, (6) mean basin width, (7) sinuousity, (8) number of streams, (9) mean basin elevation, (10) relief energy, (11) relief ratio, (12) mean basin slope, (13) mean river slope, (14) form factor, (15) compactness, (16) circularity ratio, (17) elongation ratio, (18) drainage density, (19) stream frequency (see Table I ).
The database of geological factors is sourced from the Central Geological Survey (http://www.moeacgs.gov.tw/) and includes landslide and dip slope area in the basin and Formosa-2 satellite images before and after Typhoon Morakot. The digitalized database includes geological indexes (E d ), fault length, landslide ratio, and ratio of dip slope area (see Table II ).
Rainfall isohyets distribution during years 2006 to 2009 showed that downstream area had the higher frequency of debris flows. The results show that high cumulative rainfall is one of the attributing factors to initiate debris flow. The effective cumulative rainfall and effective rainfall intensity are chosen as the climate factors for the analysis (see Table  II ). 
A. Kolomogorov-Smironv Test (K-S Test)
The study used the Kolomogorov-Smironv test (K-S test) to test if the 19 topographic factors showed normal distribution (normality). The level of significance in the K-S test was set as 0.01; a level of significance greater than 0.01 is accepted and rejected if smaller than 0.01. The test results show that the three factors for mean basin width (W), mean river slope (S), and form factor (F) showed a level of significance smaller than 0.01 (see Table III ). The overall factors showed non-normality for the 19 geologic factors. The MWW test is adopted for the test of difference between means. 
B. Non-Parametric Mann-Whitney-Wilcoxon Test (MWW Test)
The MWW test assumed samples show non-normality to compare two samples' differences. The process of the test is to separate the 54 sub-basins into two parts of with and without debris flows initiated by historical records. The basins without debris flow creeks is identified (ID) as 「0」 (validation set), and 「1」 for those with debris flow creeks (training set). The significance level is defined as 0.01, smaller than 0.01 is rejected as no significant difference among these factors. Results of the MWW test (Table IV) for the 19 topographic factors show that the following 12 topographic factors showed significant differences (a significance level greater than 0.01) including effective basin area (A s ), length of main stream (L), width of basin (W), sinuousity (J), relief energy (R f ), relief ratio (R d ), form factor (F), compactness (C), circularity ratio (M), elongation ratio (E), drainage density (D), and stream frequency (F s ).
C. Topographic Factors Screening Analysis Using Principal Component Analysis
There are up to 12 sub-basins' topographic factors that showed significant differences following mutual verification by comparing the K-S test (see Table III ) and MWW test (see
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Table IV), and therefore need to be further reduced. The study used linear combination of statistical model to screen debris flow potential factors by Factor Analysis in multi-variable statistics of Principal Component Analysis (PCA) and fit Correlation Analysis using a correlation coefficient matrix. The purpose of performing PCA was to screen out the factors that show the largest differences or are independent of others. A Pearson Correlation Matrix was used to standardize and transfer the data from different units of factors. The factor of standardized correlation coefficient is between -1 and +1 and shows the lowest correlation with other factors as the correlation coefficient close to 0, and vice versa as the absolute value close to 1. The selection of principal components follows the Kaiser rule [10] for the factor's corresponding initial eigenvalue (λ) with λ≧1 and the level of significance is defined as the absolute value of eigenvectors over 0.7 [11] . In general, a higher absolute value of eigenvector shows a close correlation between the two factors and high absolute value of eigenvector of factor is chosen by Pearson correlation coefficient matrix. The order of first principal component is stream frequency, effective basin area, circularity ratio, compactness, and relief ratio by the ranking of the absolute value of eigenvectors (Tables V and VI). It is found that the effective basin area has a higher significant (absolute value of eigenvector) than others and is selected as the first principal component. The second principal components for absolute value of eigenvectors over 0.7 include effective basin area and mean basin width. The two factors have close correlation, considering the fact that the form factor is more commonly used and is higher in significance than the mean basin width. Form factor is selected as the second principal component. The third principal component is elongation ratio and the fourth principal component is Relief energy. In summary, the four factors for effective basin area, form factor, elongation ratio, and relief energy are chosen as the effective principal components for the following analysis. There were 10 factors used for the following discriminant and regression analyses for debris flow potential analysis and calculation of its correctness. The selected independent variable includes 4 topographic factors (effective basin area, form factor, elongation ratio, and relief energy), 4 geologic factors (geologic index, fault length, landslide ratio, and ratio of dip slope area), and 2 climatic factors (effective cumulative rainfall and effective rainfall intensity).
The database of 10 factors were selected as dependent variables (outcome variable), and were divided into two categories, the first category 「1」 of 13 sub-basins with records of debris flow and the second category 「0」 of 41 sub-basins without debris flow records.
1) Fisher's discriminant analysis
The results of Fisher's Discriminant Analysis are function coefficient by the classification coefficient of variables (Table  VII) . The discriminant functions for category 「 1 」 and category 「0」are listed as follows: 
In the equations, Y 0 is the discriminate function for non-debris flow sub-basins and Y 1 is for debris flow sub-basins. Y is the overall discriminate function for debris flow sub-basins if the value of Y is greater than 0, and for non-debris flow sub-basins if the value is smaller than 0.
A training sample model was adopted to reduce bias (over fitting) and error rate in calculation of the correctness in discriminant analysis in SPSS. The holdout samples method randomly separates the samples into two sets for the training set used for finding the discriminate function of equation and the validation set used for correctness calculation of the discriminate function. The two sets are then changed and the process is repeated for cross validation for the correctness of analysis. The correctness is 88.89 % for the training set, 74.07 % for the validation set, and has overall correctness 81.48 % using Fisher's Discriminant Analysis (see Table  VIII ). 
2) Logistic regression analysis
The regression function for debris flow potential analysis was further studied by Logistic Regression Analysis using the ten selected factors. The coefficients of function were obtained from logistic coefficient (B) in classification table of Logistic Regression Analysis (see Table IX ). The regression equation was further examined by the Chi-square Test that was significantly (p-value) smaller than 0.05 with acceptable goodness of fit in 95 % of confidence interval. The regression function is listed as follows:
Results of the Logistic Regression Analysis show that the correctness is 100 % for non-debris flow sub-basins (category 「0」 ), 69.2 % for debris flow sub-basins (category 「1」 ), with 92.6 % of overall correctness. 
3) Comparisons of the two analyzed methodologies
The correctness by Fisher's model is 69.23 % for debris flow sub-basins and 95.12 % for non-debris flow sub-basins, with an overall correctness of 81.48 %. The correctness is 69.23 % for debris flow sub-basins and 100 % for non-debris flow sub-basins, with an overall correctness of 92.6 % by the Logistic Regression model. Fisher's model shows the same correctness for Logistic Regression model in category 「1」 (debris flow sub-basin); and lower than Logistic Regression model in category 「0」 (non-debris flow sub-basin). In general, the prediction model by Logistic Regression model has greater correctness than by Fisher's model. The study suggests using the regression function by Logistic Regression model for potential debris flow analysis and is expected to apply to other areas.
V. CONCLUSION
The study used Fisher's Discriminant Analysis and Logistic Regression Analysis for evaluation of debris flow potentials and its correctness by setting up a function of linear equation. The following list summarizes the results: 2) Ten factors showed significant effects to the initiation of debris flow: Effective basin area, form factor, elongation ratio, relief energy, geologic index, fault length, landslide ratio, ratio of dip slope area, effective cumulative rainfall, and effective rainfall intensity.
3) The correctness for the debris flow sub-basins was 88.89 % and 74.07 % for the none-debris flow sub-basins. The overall correctness for the two sets was 81.48 % using Fisher's Discriminant Analysis. 4) The correctness for the debris flow sub-basins was 69.23 % and 100.0 % for the none-debris flow sub-basins using Logistic Regression Analysis. The overall correctness for the two sets was 92.6 % using Logistic Regression Analysis. 5) The study suggests using Logistic Regression Analysis for debris flow potential analysis in the study basin. 
